AD=A079 624

UNCLASSIFIED
) o |

s
ADIeETA

SYNECTICS CORP ROME N Y F/6 872
BATHYMETRIC DATA REDUCTION SUBSYSTEM.(U)

SEP 79 P BELLe R HOWARTH F30602-76=C=0412
C=T0756=4 RADC=TR=79=212 NL




-
[}
{

M
G
O

Sp)
» D
<X
Q\
=g

%
|5
| 2

RADC-TR-79-212 ‘/
Finol Technical Report

September 1979

BATHYMETRIC DATA
REDUCTION SUBSYSTEM

Synectics Corporation J/

P. Bell
R. Howarth

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED

ROME AIR DEVELOPMENT CENTER

Air Force Systems Command
Griffiss Air Force Base, New York 1344l

g0 1 21 054

Z P L =




e A A e et s S

T I =TT = ——

. op 0 ST

27

This report has been reviewed by the RADC Information Office (0I) and

1s releasable to the National Technical Information Service (NTIS). At NTIS
it will be releasable to the general public, including foreign nations.

RADC-TR-79-212 has been reviewed and is approved for publication.

APPROVED: g, Q’% ;

AMANDA N. HASEMEIER
Project Engineer

APPROVED: /’L\ [.4.,—// .

ROSS H. ROGERS, Colonel, USAF
Chief, Intelligence and Reconnaissance Division

FOR THE COMMANDER: » ﬁ %

JOHN P. HUSS
Acting Chief, Plans Office

1If your address has changed or if you wish to be removed from the RADC
mailing 1ist, or 1f the addressee is no longer employed by your organization,
please notify RADC (IRRP) Griffiss AFB NY 13441. This will assist us in
maintaining & curzant meiling list. ‘

Do nbt return this copy. Retain or destroy.

Qia CRE AN

RS 5 A




|3
%
UNCLASSIFIED
}ECUIITV CLASSIFICATION OF THIS PAGE (When Dats Entered)
READ INSTRUCTION
(/9 REPORT DOCUMENTATION PAGE pEpEAD INSTRUCTIONS

e b

REPQNT 2. GOVY ACCESSION NO.| ). RECIPIENT'S CATALOG NUMBER

RADGYTR~79-212 )

4. TITLE (and Subtitle) w&?mpauw“v RED
. Final .Technical KeE'}//

@ BATHYMETRIC DATA }EDUCTION iUBSYSTF.M o/ Aug 76w Oct 781
s e

/{ .} - -4 g@mf{ﬁmﬂﬁuusn

y

{
L,
i
.

7. A T 18 CONTRACTY OR GRANT NUMBER(s)
O/ °.fpell -
, R.Mowarth /. F3¢662-76-c-,6412/ Coy
i — e . s -
9 PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK

AREA & WORK UNIT NUMBERS
Synectics Corporation . '

310 E. Chestnut Street 647018 (/7%7 '
Rome NY 13440 626 43820308 3

11. CONTROLLING OFFICE NAME AND ADDRESS }__'L.BEEDLLDLTE
(//:) Sep (s 379/ b
Rome Air Development Center (IRRP) T3, NUMBER OF PAGES ;
Griffiss AFB NY 13441 39 4

14. MONITORING AGENCY NAME & ADDRESS(If different from Controlling Office) 15. SECURITY CLASS, (of this report)

‘1

!
Same @/}ZQ / UNCLASSIFIED 3
/» - e d 154, DE&‘LAstuEﬂcnnou DOWNGRADING | ?

SCHEODU
N/A
16. DISTRIBUTION STATEMENT (of this Report) “‘
Approved for public release; distribution unlimited.
17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if ditferert trom Report) - B
Same }
8. SUPPLEMENTARY NOTES ]
RADC Project Engineer: Amanda N. Hasemeier (IRRP) |
19. KEY WORDS (Continue on reverae side if necessary and identify by block number) T
Bathymetry Cartography
Mini-computers Interactive Graphics
Digitizing Data Reduction
Voice Recognition
__,‘j 0. ABSTRACT (Continue on reverse side If necessary and identify by block numbert 0 T
The subject final technical report covers Phase 1 ~ the Basic Operating
Capability of the Bathymetric Data Reduction Subsystem. The report discusses
and evaluates problems encountered during Phase I and the solutions which
Synectics Corporation provided to these problems.
There are four (4) parts to this report. First, a discussion of problems which
is basically mathematical. Secondly, discussion of software accomplishments )
ertain to subsystem development. Part I POV
DD , (3 1473 UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) ,//

LUpY 633 Nz

s TR YT - :
wt ! s e v i o B3 TR S e PO VNN S SR 7 R,




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Dete Entered)

Y

in data input and manipulation are discussed. Finally, the fourth part
evaluates the scope and limitations of the hardware configuration along
with system software provided by Data General Corporation.

T

|

¥
=]
e
-

-

UNCLASSIFIED

SECURITY CLASSIFICATION OF TMIS PAGE(When Dets Entered)

e ————————e - 1+

PTG RN E IR TR USIC ST S0 0y Ariid

B ot

e —




.....

.

-

[ 197

o
. . .
- - [~ N N N
. . .
o

NN

TABLE OF CONTENTS

TErLA

ENTROGDUCT TON
Purproie

Subijects to be bilscussed

MATHEMAL LCAL APPLICATIONS

Bur posie

Kegisitration

Method of solution

Soutce and History of Approdch
Empirical Results and Evaluation
Future Topics of Interest
Coordinate Transformations
Problem to be Solved

Method of Solution

Mercator Mapping Eguation

Inverse Mercator Mapping Equation
Transverse Mercator Mapping Equation
Inverse Transverse Mercator Equations
Source and History of Approach
Empirical Results and Evaluations
Future Topics of Interest
Geographic Sectioning Algorithms
Problem to be Solved '
Method of Solution

Circle Search

Polygon Search

Path Search

Source and History of Approach
Empirical Results and Evaluations

Future Topics of Interest

T8 PA ] Y |
Favwh QUL [ULNLoilab TO DDC

iii

¢ 1S BEST QUALITY FRACTICABLA

L -




TABLL OF CONTENTS, Continucd

SECTION e PAGE ;
SOPTTWARE  ACCOMPLL SHMENTTS 3~} '
rat prose 3-1 3
Digitization and Voice Entiy subsystem 3-1 j
sounding Data 3-1
Fathoyrams 3-1 '
Keylstration 3-2 J
Review Mode 3-2 X
Batch Processes Subsystem 3-2
Geoygraphic to Table Conversion 3-2
Table to Geographic Convuersion 3-3
Flot Functions 3-4 ’ j
Data Base Subsystem 3-4 g
Sectioning 3-4 ’ r
THE PROBLEMS OF ACCURACY 4-1 P
Put pose 4-1
Data 4-1
Accuracy of Source Analog Data 4-1
Charts 4-1
bata Entry of Analog Source Materials 4-2
Accuracy of Prucessed Data 4-2
Registration 4-2 .
Coordinate Transformations 4.3 !
Problem of validation 4-4
SYSTEM CONFIGURATION 5-1
Purpose 5~-1
Hardware Configuration 5-1

oY \\.u\‘x-‘ -
R i)‘to bt
A PRSN] ) " b\“l“\‘LJh
iv , ot

o el i it i o e




‘..,._____,...,-.A-‘
ol

, TABLE OF CONTENTS, Continued

SECTION TITLE PAGE »
1 5.3 BDRS Software Configuration 5-5 ?
: 5.3.1 Key Areas 5-5 ‘
5.3.1.1 Multitasking 5-5 f
5.3.1.2 Overlays 5-5 ;5
5.3.1.3 User Device Implementation 5-6 ]
5.3.2 Conclusions and Recommendations 5-6 b




Lo N

vl

LS OF Flobkes

BAL TG O ERATING CAVARLLILYY

STALLON ]

sralion O

VAGE




EVALUATION

The effort provided an initial capability to create
and update a bathymetric data library employing voice data
entry augmented digitizing and editing functions. This
effort significantly enhances the human factors aspect of
large volume geographic point data digitizing. The
mathematical data manipulations have been structured to
significantly reduce error buildup in the manipulated/
transformed data. Lastly, the digital dava library provides
timely query responses and data availability. Future
plans are to increase the scope of the mathematical data
manipulations to provide for a wider range input and output
formats, to introduce a wider range of logical retrievals
at the data base for increased responsiveness and to optimize

e voice try human factors aspects.

oszp . PALBRHO
Laboratory Contract Manager
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SETTON

INTRODUICTTON

L1 Pupon

The purpose ot this document 1s twotold,  Frrst, o critical account 1y
provided of the tmportant subsystem and technioal problems which were encount-
ered an Phase 1 ot BDRS.  Second, a critical account and evaluation is given

of the solutions which were provided by Syncctivs Corporation to these problems.

1.2 Subjects to be Discussed

This document 1s divided into four parts. Part I is dedicated to a
discussion ot problems whose solutions are mathematical in nature. Part I1I
is comprised of a discussion of the software accamplishments pertaining to
subsystem problems. Part III deals with the myriad contexts in which the
perennial problems of accuracy occur in data input and manipulation. Finally,
Part IV critically evaluates the scope and limitations of the hardware con-
figuration utilized in conjunction with the system software provided by Data

General Corporation.
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HIOTION 11
MATHEMATICAL APPLICATION:S

S Purpose

The purpose ot this section is to provide a detairled account ot the
mathematical algorithms and thear applications within the BDRS problem oen- !

vironment., The thice contexts in which algortithms have been Jdeveloped are

il .

tedistration, coordinate transtformations and geographic scectioning.

2.2 Reyastration

2.2.1 The problem to be solved by n point registration is twofold.

First, a function must be constructed whose domain is comprised of physical
X-Y locations on a digitizing table and whosce range is comprised of X-Y coord-
indtes in an carth rectangular frame, given that n values (3 to B) of the
function are known. The construction of this function is referred to as day
'1' n-point registration. Second, a function must be constructed which maps
table X-Y locations to table X-Y locations given that n (from 3 to 8) values
of the function are known. This construction 1s entitled day 'n' n point

registration.

Day 'l' registration, from an empirical point of view, results in the
geodetic significance of points on a map which has been placed on the digit-

izing table. Day 'n' registration results in mapping back to day 1 the
points on the map as it lies on the table translated or rotated relative to
the day 1 registration of the map. Since both algorithms are identical from
a mathematical point of view, it suffices to give a presentation of day 1

registration.

2.2.2 Method of Solution

The idea of the n-point registration is to convert X-Y table values to
a form which can be converted to lat/long values on the earth's surface. A
pure table X~Y valuc is physically meaningless.

The problem is a typical statistical one of finding a function given that
you know some of the ordered pairs that the function must satisfy. In regis-

tration you know:
LU nAcLiabu
T
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(a) the table X-Y values of the registration points
(b) the map scale mil values of the lat/long values of the registration
points (the map scale mil values are found by taking the output

from the map projection itself and converting to units of mils)
2

i !
To be more precise, let X , X ...X‘ be the map scale mil X values of the

. . . 1 2
registration points, let Y, Y ,...Yn ve the map scale mil Y values of the
registration points, let xl. Xz..-.Xn be the known table X values, let
Y ,...Yn be the table Y values. You know for each ordered pair of X-Y table

1
points )(i,\"l the map scale mil equivalent Xi,Yi. This constitutes the
known relations which must be approximated by the function being sought. What
properties should the function have beside fitting the known data? Simplicity
requires that the function be linear. Geometrical considerations suggest

finding two function f,g such that

(a) f(x ,7v ) =X
171

(b)  g(Xx_,y ) = y'
1 1

Given the assumption of linearity we get

Q
>

(a) f(X ,Y. ) = AX_+BY +C
174 i i

(b) g{X. ,Y. ) = DX +EY +F ~ Y
1 1 1 1

Now we must impose some conditions which allow us both to solve for A,B,C,D,E
and F unambiguously and which lend geodetic meaning to the physical table
X-Y values. That is, given an arbitrary table X-Y pair, the functions f and

g must map the pair into an approximately correct map scale mil ordered pair.

The classical approach to a statistical problem in a linear model is the
least squares best fit algorithm. The idea is to minimize the sum of the
squares of the differences between known data values and the values predicted
staistically. In registration we have known map scale mil values. We want
the functions f and ¢ to yield predicted map scale mil values such that we
minimize the sums of the squares of the differences between the predicted
map scale mil values (i.e., f(xi,Yi). g(xi,Yi) and the known map scale mil

i1
values (i.e., X ,Y ).

More explicitly, given that
(a) x' = AX, +BY +C

by y'-= DX +EY +F

ta
i
N~

sttt




minimize

n

o 8 oxt . 2
( i=1 | (ij+By],+C)l

n .
(d) &yt = (DX,+EY,+F)]2
i-1 o1

by pickingy the correct values of A,B,C,D,E, and F

‘ .
Let H(X',X,,Y.) (x'- (AX_+BY, +C)]°
1 1 1 1

[l |}
-~ M3

. n .
and G(¥Y',x_,v ) = I [vi-(ax +By +c)]?
b Y 1 i=1 1 1

the requirement of minimizing these expressions is logically equivalent to
the following six equations:

(1) 34 _
5; = ¢
(2) OH _
B-¢
(3) oH _
3c =9
(4) 9 _
- - °
(5) 3c _ |
&~ ¢ |
(6) 3G _ |
s~ ¢ ;
Taking the derivatives and simplify{ng we get the following six
equations: ) n n n . | ;
(1) aZl (xi) + B xiv1 = CL xi =1 X xi !
i=l i=1 i=) im] * ]
n n 2 n n ; .
20 AZXY +BL(Y)"+cCl Y¥,o= I Xy, . ¥
i=1 * i=1 i=1 i=l : |
! |
n n n o, i i
(3 AL X +BLY + n=ZLX |
i=1 i=1 =1 { ‘
n 2 n n n i
(4) DI (xi) +EL XY, +F b X, - Ly X, {
=1 i=1 =1 ' jm '
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v v | i-1 ' oa-l !
L1} " n
W) by oX FEY Y -y
! -1 Vo1

Note that all exprensnions ate hnown in the above cquat tons except tor
A, 0k, and o To solve tor these, treat equations 1,2, and 3 as
3 cquations in 3 unkhnowns AL, and ¢ and treat equations 4,5, and o

as 3 cgquations in 3 unknowns D,E, and P, Then woe can write equations

1-3 aud 4-0 as:

Y - 4
XW - V
whote
, n n
X = (x)° Lox Y, r X
ja1 * j=1 }
n 2 n
XY b (Yi) X \:1
Y. i=1
n
X, oy, N
i . i
i=]
Y = A W R
Q}
B \\\.@
C & .
,\\\'\ )\’\,
n n ‘ \‘». N !
Z - I vel Lyx N
i=1 i=1 O
WO g
n noy \“@
L XY, LYy,
i=1 ! =1
n n
¥ x‘ L Y‘
i=1 =]

Note that X is a symmetric matrix

i A E e o
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To solve for Y - ( ) , W b find
[

the inverse of X; X to Qet

(| A \ N
1)
| o

(2) | v ‘ - xl
E
B

The matrix X | uxists if ite determinant is non-sero which seems to work
always. If 1t does not work, new registration points must be chosen.

The software for this approach requires solving for the elements of X,2Z,W,

tinding x"!, and multiplying x 12 and x7Mv. Having found these values we have

for an darbitrary tab.e XY pair x‘,v1 that
(1) x‘ & AX, +BY +C
i i
() Y« DX, *EY +F

Upon conversion of x‘,v‘ to meters we multiply by the map scale to get
U‘.V‘: the earth scale meter equivalents of x‘.v‘. This pair U‘,V‘ is the
input into the inverse map projection. The output is the pair 0,¢ called

the latitude and longitude of the table point X, ,¥Y

1’74
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Sole b Bewree e story ot Approa h

oo adopted pproach to tegistration was developed Canshowe ' ot Syncdtios
Corporat ion In particularl, the idea of solving tor the X and ¥ dimensions
tndependent iy resulted in mimmcing ertors which could result from tedigata-

Z2ing single contiol puints when a registration 1s unacceptable.

2.2.4 Empirical Results and Evaludation

Since the mathematical model of registiation is both statistical and
linear, there are cwpirical situations in which problems can arise. In the
ideal situation, the source map is not distorted badly by shrinkage of expan-
sion., We have noted that such distortion is rarely compensated for within the
linear model. A distorted map can be reyistered within the residual tolerance
level. This should not be taken as evidence that the statistical fit has
adequately compensated for the distortion. The model is linear; theirefore,
the scaling which occurs is uniform along an axis. Thus, the actual map shrin-
kage is spread uniformly over the map. This could make the functions con-
structed in registration both meet the residual test and fail to provide an
adequate mapping. Thus, the chart must be known to be in good condition or
poor empirical data from the table might be allowed to infiltrate the data

base.

It is crucial Lo pick registration points intelligently. If B registra-
tion points are picked representative of the map as a wholej that is, in no
obvious geometrical pattern, and the document is in good physical condition,
then the results of registration can be trusted. All mathematical computations

are performed in over-kill double precision.

2.2.5 Future Topics of Interest

Since the mathematical model of registiration is linear, the idea obviously
arises of utilizing a model in which non-linear temms contribute to statistical
predictjon. The linear model is quite satisfactory given a chart in good con-
dition and an intelligent choice of registration points. Thus the employment
of a non-linear model would be motivated §f an attempt were made to register

charts in less than optimal condition.

o N Y
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The linear model could also be supplemented with a normally distributed

error term whose expectation value is zero and whose standard deviation re-

it scems
arbitrary to assign such a standard deviation for an arbitrary user. Thus,

flects user input in accuracy in entering a control point. However,

this term does not appear in the functions constructed by registration.

2.3 Coovrdinate Transformations

2.3.1 Problum to be Solved

The problem to be solved by the coordinate transformations is to convert
Letween earth rectangular and geodetic coordinates utilizing the Mercator and
Transverse Mercator projections. The conversion from geodetic to earth rectan-
gular coordinates is effected by the map projection itself. Inverses had to

be constructed as well to convert earth rectangular to geodetic coordinates.

2.3.2 Method of Solution

The projection types utilized are conformal projections. As Thomas has
shown in “Conformal Projections in Geodesy and Cartography®, Coast and Geodetic
Survey Special Publicatjon 251, all conformal mappings of the spheroid upon a
plane are expressed by the analytic function

X+iy = f(rtir) where

r = 1ln{tan (: + % ). (i-gslgg )6/2
+Esind

and ¢ equals the latitude of the point, A the longitude and { the eccentricity.
The form of the Mercator and Transverse Mercator mapping is then determined by
which line or lines in the projection are to be held true to scale and by the

necessary geometric form of map elements corresponding to meridians and paral-
lels. Once the form of f is determined, the real and imaginary parts of X+niy=

f(A+ir) are equated which must in turn satisfy the well known Cauchy Riemann
equations:

(1) 2x = 3y

(2}

2=-7
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to finally obtain x as a function of A and r and y as a function of A\ and

¥r. The mapping equation is thus derived.

2.3.2.1 Mercator Mapping Equation

The Mercator projection is the simplest and most basic of the conformal
map projections. The form of £ is linear and the initial conditions quite
simple. As Thomas indicates, the initial condition is that the scale of the
projection must be true at the equator. Thus, for a latitude of ¢=0, r=1n(l)
= ¢, and Y=0; and x=al, the product of the equatorial radius and the longi-
tude A\. Thus since x+iy=f(A+ir) we have ai+i.¢=f(A+i.d)=f(A)ma(r+ix) . =x+iy.

Equating real and imaginary parts of x+iy=a. (A+ir) we have

(1) X=a\

£/2
(2) y=ar= a.ln (tan(n +1¢1)  (1-Esind) )
4 2 1+tsind
£/2
cos (1+Esind)

The scale or magnification of a point at latitude ¢ given a conformal pro-

= a.ln((sind+1) . ((1—£sin¢)

jection is the Jacobian of x and y with respect to r and A divided by Ncos¢
where N= a ; the distance from the point along that line from the
1-&251n2®
minor axis of the spheroid perpendicular to the line tangent to the point.
In this case the scale become a . sccé.
N

2.3.2.2 1Inverse Mercator Mapping Equation

Given the Mercator mapping function Y = f(x) which maps a latitude to
an earth scale meter value, find a method to calculate the latitude given

the earth scale meter value.

The Mercator mapping equation in question takes the form:

2ECC/2
Y = (A/gac) -In[tan (T ¢ 1P1) . 1-ZECC SIN(P) /
4 2 1+42ECC.SIN(P)
Where Y = the earth scale meter value and P = the latitude valuc.
Given this form for f(x), an expression 6(X) must be derived such that the

form p = 6(P) is obtained. Given an initial approximation P, to P, Weastein
iteration is used to improve the desired latitude value.

2-8
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To derive the form P - 6(P) we proceed as follows, Since SCALAC is a
constant we eliminate it to get

Y, - A.ln JYan (T + 1P1) . l-UrccsINGE) ZECC/2
2

1 P L2, SINGP)

Y, - A.ln fan (n+ ;gg)) + Y(P)

4 2

L LE/2
where Y(P) - A.ln ("‘P‘{-“'N(P!
JaZbce U SINCE)

But  Y(P) -~ A.ZECC /2 o [ E-2ECC S INGE)
L4 ZECC . SIN(P)

S0 1f we Jut B - ZECC.SIN(P)  and use the series expansion 172 1n 1+

|

(=
1
- J

3 : ‘
Bel/3B” ¢ 158 +... with AE2 = A.ZECC, AE4 = A.ZECC.2ECC/

AEb = A.zucv.zuvc.zscc/sl we yget
Y(P)= SIN(P). (AE2 + SIN°(P).(AE4 + SIN®(P).AE6)

Therefore:

Y, = A.ln ftan ¥ ¢+ ipll- v(P)
4 2

S U T (t.an n o+ 1Pl
A 4 2
, - 1
' EXP Y1 _ Y g, tan( n + 1P1 )
4 2
E
- P =2 .(Arctdn (expivl - Y(P) " 3
¥ A } 4
! !
. Thus we have derived the correct form P = 6(P) for use by the iteration scheme. b
, The initial approximation P, to P is obtained by considering ZECC = 0;
% that is, a spherical earth model is employed. Proceeding as before we have: ‘
3
. Y, - A.ln( tan( LR lPl)
% 4 2
. * P, = 2. (Arctan( exp(YI/‘)) - %_)
~ Thus P, 18 calculated exactly.
’ Having obtained P, and P = 6(P) Wegatein iteration is used as ,i
y . ] follows: 2485 s e :)1:;}1\1,11:\1411! }’MCTIM ' ‘
‘ Fowil COI'Y FUANLSHED TODDG oo™ )
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(1) Initialization

Pc = PO
Pl = G(P,)
= G + -
Pl (Pl) G(Pl) Pl
Yot |
1.(}'1) -Pl

{(2) At lteration utl
bnel - G(kn)

bPautl -~ G(Pnrl) + G(Pn+l) - Pn+l
Fn+l - Pn
G(Pn+l) - bPntl

(3) Cunvergence at tolerance E

Pn+l - Pn

Bnol

This will cccur unless GI(P) equals 1 at P. If convergence does not

vccur, the 1matial approximation P, is output as the latitude.
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2.3.3.3 Transverse Mercator Mapping Equation

As Thomas points out, the initial condition of the Transverse Mercator

projection is that the scale is true along the central meridian of the map.
Thus, for a point at longitude zero and lutitude ¢ we have x=0. Given that

XEIY=F(Aeir) we have dy-flir)=i. g;kdoﬂisw= the distance alung the meridian

fiom the eyuator at longitude A to the point at latitude ¢ with R= the radius

of curvature —(l--J).u.(l-ﬁzsin20)'3/2. But r = R sec¢dd by the condition

on r, for all conformal projections. Thus dr=K seg¢d¢N¢nd Rd¢=Ncos¢dr. Therefore
S¢= A Neospdr=£(r) sinced is zero. Thus we hgve x+iy=S¢=£f(r). Now we want to
subject x and y to the Cauchy Riemann equations so that equations for x and y

in terms of A and r are needed. Thomas proceeds to expand x+iy=f(A+ir) about

the point z=ir in a Taylor Series. Then real and imaginary components are
equated yielding the desired forms for x and y in terms of A and r. Once all
terms are computed and the Cauchy Riemann equations applied, Thomas reaches

nis desired mapping equations.

The scale K for the projection at a point A,¢ is
i K=-}fox 2 +[ 9y 2112 Ncos¢
i E)Y I
= 1 A

. (1 + t.'-mzr)l/2

AX
Ncos¢ dA
2.3.2.4 Inverse Transverse Mercator Equations

The following algorithm, taken from Rapp and Sprinsky, Page 30 is

{ employed.
‘ 2
: AA =seco x 1 X O 1+ 2:12 + nlz) + 1 x5 (5+ 28t
‘ NTE N T36 W
4 2 2
i +241 + 6n1 + Btl " )
1 ¢ 2, L2 ¢ 2 2 2 4
= ¢ 1 (L +n. ") X * + 1 (1 +n_ %) (5 + 3.7 + n," ~4n
- ) - ——— 1 1 1 1
% 2 N 2 4
| son et xd 1 (6190t ase,* + 10m
N 720
"‘ 26'2 ginle’ + 452'2¢ 2gin%er) x © q,xcnvﬁ-"“&‘ 5
! - l62e'” sin ¢' + 452 t sin"¢') X ) 111?~ L
o " 53251 8 g oot '
2-11 . S\w;s&?:l‘ o
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where:

Having computed AX, and ¢, the longitude itself must be computed as

follows:

where:

The first negative converts longitude positive eastware to positive

westward.

A first approximation to foot point latitude is computed from:

$'=s(1 +

where:

= ’
tl tan ¢

2 V2
”1 e cos ¢°*

e'? = second eccentricity squared
$' = tuot point latitude

X = UI'M Easting R

N=a'vs(l -e¢? ain2¢)2

a' = ,9996.4

a = semi-major axis of the ellipsoid

A - longitude difference from cential meridian of point

¢ = latitude of point

- eccentricity squared

A= -(A) - (6(30 - n) - 3) p)

A = lonygitude
P = .01745327252

n = zone number

s? (An + s? (BB + s? (cc + s?pD))))

AA = -3el/6
BB = (12¢? + 45e“)/120

CcC = -(48e? + 1023e" +1170e*) /5040

DD = (192e? + 18384e" +75099e® +6048ae%) /362880
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Y - Y/(.9996a(1-c?))
Y - UTM Northing

Inptovaed approximatione ot ' ate obtained by Newton tetation, that
] - . -
v (s ¢+ 1) ¢ (1)

where: ¢ - 95 - 5 ¢

and: S5 2 = A" - (B/2) sin (29°) ¢+ (C/4) sin (49°)
- b/6) sin (o)
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Sl tannee oy of Approach

The Thoma: orivod projections have boeen tigurtously testod and approved
1 many cartogtaphia. progestae The tnverse to the Mercator Mappanyg was de-
veloped at Syncotios Corporation, The mnvorse to the Pransverse Mercator map-

ping has been obtained trom kapp oand sSprinshy.,

cohd Emprrical Results and Bvaluation

The transtormations from eatrth rectangular to geoyraphic coordinates,
when combiined with the transformations derived in registration, dare dccurdte
to within a second of arc within the well-known bounds of application of the
map projections themselves. They are accurate enough to satisfy any require-
ment which stays within this limitation. The inverse Transverse Mercator map-
ping 1s confined to uvne zone at a time. The inverse Mercator mapping equation

handles aibitrvary earth rectangular values.

2.3.9 Future Topics of Interest

The inverse transverse Mercator mapping is restricted to transforming
earth rectangular coordindtes within a single zone to geographics. It might

prove beneficial to generalize the mapping to allow zone overlap if this is

possible.

2.4 Geographic Sectioning Algorithms

2.4.1 Problem to be Solved

The sectioning algorithms provide the capabilities to perform circle,
path, and polygon searches within areas generated on the surface uf the earth.

The earth is imagined to be a sphere of unit radius.

2.4.2 Method of Solution

To perform a given search, the routine must be called twice; the first
call generates the appropriate parameters to describe the region in question,
and the second call accesses points and calculates whether they fall inside

the test region.
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(A) Freast ol
On tirst vall the tuput lat-lunyg values o the centes and radial
pulnt dire convertoed to sphetical cootdinates on o unit sphere. '
(B)  Scecond call
First the uput test pulnt e convetted Lo spherical coordinates

ol ¢ unit sphere. Then the great citcle distances from the center point to

the radial point and from the center point to the test point are calculated.
I1f the latter distance is less than the former, the test point is within the

sagion defined by the center and radial points.
The distancus are calculated as follows:

Let R and S be vectors eminating from the origin of the sphere to -4
the 2 points in question. The dot product of R and § is the cosine of the
angle between the two vectors. The angle is the great circle distance in
question. Formally we have

R'S = xlxzovlvzozlzz

but .
xl sxnel-cosol

Yl - slnel-sxnol

zl - cosel

x2 - llnez cono2

Yz - ainez coso2

22 - cos62

where @ is latitude and ¢ is longitude. Thus R:§ & 8in8, sinb, (cos(¢,-¢,))

* cose1 coaez.lettan W = distance sought we have

N
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W - ARCCOs [ Sanl 31n02 (cos(@l-wz)) + cosd1 cos@2 ]

Q.E.D.

J.d.202 0 Polyyon Search

(A) First Call

On first call, the 1nput lat-long values of the polygonal vertices
are cvonverted to Cdartesian X-Y-2 coordinates on the surface of a unit sphere

centered at the origin of the coordinate system.

(B) Second Call

On second call the input lat-long values of the test points are
converted to Cartesian X-Y-Z coordinates on the surface of a unit sphere

centered at the origin of the coordinate system.

To calculate whether a given test point lies within the polygonal

test region, the following insight is uytilized. Suppose the n vertices of

the polygon have coordinates <x1,vl,zl>, <x2,¥2,22>, e <xn,vn,zn- and

the test point has coordinates<xt,v ,2 >. Consider the planes defined by
the triangles whose vertices are {<x1,¥

{<x1'¥1'zl>' Kp¥eZye Xvazpe . . {‘xl"1'21>' K-1'¥n-1'%4-17

<xn,Yn,zn andthe line defined as that line connecting the origin to the

coordinates<xt,vt,zt>. Let "1'"2' e "n-?e the points of intersection

between the line and each of the planes. Let 61,62,63 be for a given triangle

and a given plane, the angles described from the point of intersection W
to the triangular vertices {<x

102170 Xpe¥5025% <X3.R30297 § .

k
>
OITNT NV ST VI ALY B
If 81+62§63 = 2n then the point of intersection lies within the triangular

region. If this occurs for at least one triangle, the point is obviously

in the polygonal region.
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The following is a formal derivation for a test point and a given
triangle. First the equation of the plane of the triangle is calculated, then
the point of intersection is calculated, then the origin of the coordinate
system is translated to this point of intersection, and finally the angles are
calculated and summed,

(1) Caleulate cquatton of plane of trtanyle
The genetal cquation of o plane 1s yiven by the formula A-X+B-Y+

C-2t0-0.  To duteamine the planar cquation yiven 3 points <xl,Yl,Zl>,
~X_ ,Y .2 Y . 4 we have

= VAR - 4 - - 7
A Y (2. 43) &1(\'2 Y3) + (Y223 52‘13)

B = -[)(1(2.2—2}) - Zl(X2-X3) + ()(223 - ZZXJ)]

@}
b

xl(Yz-YJ) - Yl(XZ—x3) + (X2Y3-Y2X3)

o
"

-[%1(Y223-22Y3) - l(X223 szj) + Z (X Y -Y X )]

Given that the three points are triangular vertices, the above coefficients

determine the plane of the triangle.
(2) Point of Intersection

Suppose that RP(I), 1=1,2,3 is the XYZ coordinate of the test point,

Then the equation of the line in space through the origin and the test point is

X =X =z
RP (1) RP (2) RP (1)

Suppose RP(1) # 0. Then we proceed as follows:
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K (L)

Fo- CrRE(S)
RE(L)

H - Atk

then we have

ol

X - -b
H
Let RPIC(D), I-1,2,3 be the coordinate of the point of intersection.
Then we have

RPI()) - X = =D

RPI(2) = RP(2)-RPI(]l)
RP (1)

RP1(J) = RP(3)-RPI(1)
RP (1)

({3) Translate origin to point of intersection

Suppose ~xj,vj.z > is an arbitrary point in X-Y-2Z space. Then

3
SJK(1), 1=21,2,3 is defined as follows

SJI(1l) = xj-RPI(l)
SJI(2) = YJ—RPI(Z)
SJI(3) = Zj-RPI(3)

Then SJI(I) is the translated point

2-18
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CB = A -

RPI

Note the CB is the array A translated to a new origin at RPI. Thus each

column of CB is a coordinate. To findel,ez, and 03 proceed as follows. Take
the following vector dot products

(1) <cB(1,1), CB(I,2)>
(2) <cB(1,1), CB(I,3)>
(3) -cB(1,2), CB(I,J)>

according to the formula

T a4
2 2 2 w’ 2 2 2
B = . B +B +B + cos O
A*B Ax + Ay + A: x v 2

where A= A ? + A

Given that the following assignments are made

2.1/2
(1) ®MAGL = (cB(1,1)2 + cB(2,1? + c8(3,1%) /
172

(2) raG2 = (cB(1,2)% + cB(2,20% « 83, H)Y
2.1/2

(3) RMAGI = (cB(1,2)2 + cB(2,1% + c8(3,1%) /

we have
* 14

(1) CB(I,l) - CB(I,2) = RMACl - RMAGZ - cosez = DOTI

[ 4 L d

. (2) CB(I,1) * CB(I,3) = RMAGl - RMAG3 - cosﬂl = DOT2

1 4 >

CB(I,2) - CB(I,3) = RMAG2 + RMAG3 - co-03 = DOT3

2-20
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Thercfore
(1) 162 = DOT1/ (RMAG1® RMAG2)
(2) 101 = DOT2/ (RMAG]* RMAG3)
(3) 163 = DOT'3/(RMAG2 * RMAG3)
Therefore

(1) o, = Auuuos(lez)
(2) o = Auccus(ldl)

(3) 6 = ARCCOS(IQs)

2.4.2.3 Path Search

(A) First Call

First the 3 points input which define the path are converted to

XYZ coordinates on the surface of a unit sphere yielding <x1.¥1.21>. <X,,¥,.2
<x3.¥3,23>. The vertices of the quadrangle defined by the path are found

as follows. Let Ax'xs'xz' AY-Y3-¥2 and 2-23-32. The four vertices are

(1) <X3.Yj'23>

(2) <X2-AX,Y2-AY, 22-A2>

(3) <X -aX,Y

1 1-AY, Z2,-42>

1
(4) <x1wa. YlfAY, 21+AZ>
This follows by the vbvious symmetry of the sphere
(B) Second Call

This is just a 4 sided polygon ssarch.

2-21
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2.4.3 Source and History of Approuach

The sectioning alyorithms were completely developed in-house at Synectics

Corporation.

2.4.4 Empirical Results and Evaluations

The sectioning algorithms have been tested thoroughly and are accurate
in typical application environments. The only source of approximation consists
in assuming that the earth is circular. Thus geodetic paths on the ellipsoid
are considered to be great circle paths on the surface of the earth, For
large earth test areas, this could result in some inaccuracy in polygon searches.

The extent of the inaccuracy has not been rigorously analyzed.

2.4.5 Future Topics of Interest

The polygon sectioning routines are employed within the context of de-
termining whether a given quadrangular region overlaps a given polygonal re-
gion. An algorithm needs to be developed which determines whether two such
regions overlap. At present, a serial search method is employed to solve this

problem and this seems to be a needless consumption of time.

It might also be of interest to develop an algorithm which would appro-
Ximate the region of overlap in question with a many sided polygon. In this
way, a third region could be introduced so that a determination could be made
whether three regions overlap. Thus, in general, an iterative procedure would
exist to determine when n regions overlapped and an approximate polygonal re-

presentation of the overlap would be obtained.

Finally, the polygon search might be generalized to more complex polygonal
regions; that is, regions where angles could be obtuse between adjacent sides.
This would probably be required if the iterative procedure described above

were developed.
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SLATTON 11

DOFTTWARL ACCOMPLLGHMENTS

3.1 Puipone

The purpose ot this section 1s to discuss some of the more 1nteresting
developments which have ocvurted duiing the creation ot the Phiase 1 BURS soft-
ware. The discusitons aoncluded are not intended to exhaust all tacets ot the
system.  The focus of cach separdte discussion will be trom the key novel capa-
bilities provided by the sottware in satistying the requirements of the three

BDRS subsystems; digitization and voice entry, batch and data base.

3.2 Digitization and Voice Entry Subsystem

3.2 1 Sounding bata

The key accomplishment of this BDRS Subsystem is that of providing the
capability to digitize sounding data from nautical charts and store this sound-
ing intormation 1n a compact and conveniently accessible form. Sounding data
may be entered manually with a keyboard and vocally via communication between
the Eclipse €300 and the Threshold 500 Voice Recognition terminal/display
device. As the voice data is entered, a visual display is provided on the

Tektronix 4010 display unit.

The soundiny data may also be edited by the user in a very simple way
using either the special keyboard or the 'voice box'. Thus, a complete capa-
bility is provided to create and edit features of sounding data which makes
maximum use of system resources to cvase the task of the user in data entry and

edit.

3.2.2 Fathograms

An important capability of this BDRS subsystem is that of digitizing
fathograms; that is, graphs of depth/time coordinates supplemented with such
parameters as geographic fixes, loxodrome bearings, and ship velocities. Once
a digitized fathogram file has been created, a file of geographic-depth posi-
tions can in principle be constructed and entered into a data base. Thus,
the analog information of the fathogram is integratable into the general BDRS

data base framwork,
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The algorithm ot tegistration has been thorougyhly discusnsed an sedtion
J.2 0f this document. 1t should however  be cipliusized here that the develop-
ment and amplowentation ot this algonithm within this subsystem provides the
subsystem user a very ofJicient and casily employed method of tegistering
charts so that 1ntformation in a feature digitized from that chart is vasily
accessed and accurately edited.  1n the Lineul Input System (LIS) no such
method was cmplouyedsand the errors inherent in both the LIS day *1' and day
‘n' registration procvedures have: been eliminated. Within the conceptual struct-
ure of the registration scheme developed by Synectics Corporation, it becomes
an edsy matter to edit table files even when they are created by the batch
program which converts arbitrary geographic files to table files. Thus, an
arbitrary geographic file constructed from information in the data base can
in principle be converted to table form, edited, and reconverted to geographic
coordinates. A more thorough discussion of this will be found in the discus-
sion of the batch program which converts geographic files to table files, in

Section 3.3.1 of this document.
3.2.4 Review Mode

The capability exists to display the data of a table file on a Tektronix
4010 display given a user selected window. Each feature, whether consisting
of trace data, discrete points, or soundings, is searched and data which falls
within the window is displayed. This provides the user with all he needs to
discover where he desires to make edit changes. The scope of such an editing
capability in relation to the Data Base is further discussed in Section 3.4

of this document.

3.3 Batch Processes Subsystem

3.3.1 Geographic to Table Conversion

The novel feature provided by this capability is that the reaultant table
file can be immediately edited, in principle, by employing a day 'n' registra-
tion. This can be seen as follows. When the file is converted, the registra-

tion points of the file are also converted. The resultant file has been day
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1 registered in the sense that a perfect fit ls obtained with least square

best fit coefficients of $. This means that any table point in the file need
only be scaled to edarth scale meters followed by a translation from the chart
carth scale meter lower left hand corner to a true origin to obtain the true
warth scale meter value of the tuble point,  The plotted chart, when placed on
the table, 13 veylstered as o day 0 veygilstazation of the purfoect tit fale,
Therufole, givenh that a sct of registration points ate 1n the yeoyraphnce tile,
an arbitrary qeographic file can be brought to table, sdited, and reconverted

to guographitc torm.

The mathematical simulation of this is as follows. Suppose (¢,)) are the
latitude and longitude of an arbitrary coordinate in the geographic file. Let
xL'YL be the map scale meter value of the lower left hand corner of the chart.

Let X,,Y, be thu map scale meter value of the coordinate (¢,A\). The table

$
X.Y of the point is

(1) x -((xx~xL) + 3 inches] . conversion to mils

(2) Y .((YQ'YL) + 3 inches) . conversion to mils

Let x“,vu be the map point X,¥ (¢,1) when the map is placed on the table
which is produced by a plot of the table file., Then registration will map

xnyn to X,¥ and X, ,Y, need only be calculated from equations 1 and 2 to give

Ve
the map scale meter values of (¢,1). When scaled to earth scale meters by
multiplying by the map scale, the earth scale mater valus is obtained for

(9, 1),

3.3.2 Table to Geographic Conversion

A novel feature provided by this capability is that two distinct kinds ot
table file can, in principle, be converted to geographic form; digitirzed table
files, and table files created by geographic to table conversion. The dit-
ference between the conversion is that the latter table files are transformed
to earth scale meter coordinates as described in Section J3.).1, whereas the
former tuble files are converted to earth scale meter coordinates by accessing

the day 1 least wyuare best fit coetficients created when the table file 13

reyistercd as described in Section 2.2.2.




A cccomd novel teatute ot this conversion connists 1t the way 1 whianoh
point to point data s trcated an trace toatutes, Point to poant data con-
s1dts o two abuwolute cabedded polnts occuriing suceesaavely an the teatuto,

A strarghit line s amplhrettly assumed to oxist between the twe potlats. 1t

the data s vonverted to geographics and then back to tuble using a Jditterent
map protection, the strartght line will cover difterent map scale moter pornts.
The solution to thid prablem consists 10 genvrating X-Y points on the lane
connecting the two points in the original table file at increments of 127 mils
In oither X o1 Yo As an incremental X-Y position on the line i3 obtained, it
i1s converted to geographics.,  Thusg, the amplicit lipe as a whole 13 repiosont-

atively converted to geographics in the table to geographic conversion tunction.

3.3.3 Plot Functions

The plot softwate has several features worthy of especial notice., The
development of this sottware is such that in principle, any other type of
plotter can be addued to the BDRS hardware configuration simply by accessing
an intermediate plot file. Second, the Xynetics interface routines are written
in simple Fortran and are in principle, usable by other computer systems. Fin-
ally, the development of further plot functions is readily integratable into
the current software due to the simple calling sequonce of any plot functaian.
For example, functions existing on other camputer systems interfacing with a
Calcomp plotter may be integrated into the BDRS syatem to produce the same type E

of output.

. 3.4 Data Baso Subsxystem

A J.d4.1 Sectioning

The Data Base subsystem provides the capability of creating BDRS yeoyra-
phic files on the basis of search criteria which are thoroughly discussed in
Section 2.4.2 of this document. In principle, the following sequence of steps
could be taken, utilizing this capability, to quickly edit the files included
in the source sectioned files., First, the cvreated geographic file is converted

to table and plotted. The plot is then reaistered and the table file revioewed
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until the data to e cdited s found, The cdit wode s then entoered to odat

the faile, btach teature edited adentifice:s the source 1D and docwient nwabor
Of the source sectioned tile, as well as the nwnber ot the foature relative
to this source scotioned tile. The edited f.le is than reconverted to geo-
graphics with a tlag set at cach teature which hus been edited. Finally, the
source scotioned flles are updated to reflect the cdits that were made on

the table file.  The tollowing diagram reflects the flow of this sequence.

SOURCE SECTIONED FILES

R A

GEOGRAPHIC FILE

TABLE FILE

EDITED TABLE FILE

GEOGRAPHIC FILE

EDITED SOURCE SECTIONED FILES
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SECTION IV

THE PROBLEMS OF ACCURACY

4.1 Purpose

The purpose of this section is to analyze the critical contexts within
which considerations of accuracy are relevant. In each such context, the in-
tent is to identify both where considerations of accuracy have been analyzed

and where further analysis is required.

4.2 Data

4.2.1 Accuracy of Source Analog Data

4.2.1.1 Charts

The accuracy of data portrayed on man-made navigational charts and maps
is clearly suspect in many instances. Charts become distorted because of
shrinkage and expansion, and the distortion is clearly a highly complex non-
linear phenomena from a mathematical point of view. The algorithm of registra-
tion does little,if anything, constructive to compensate for this distortion
as registration is represented within the classical linear model of maximum
likelihood which assumes uniform stretching or shrinking in an arbitrary

direction.

When such charts are digitized and converted to geographic coordinates,
information becomes available to the data base which seriously threatens its
integrity. Thus, the ability to edit the data base becomes of paramount im-
portance. A serious look should be taken at the model, provided by Synectics
Corporation, in Section 3.4.1 of this document, which purports to encompass

such an editing capability.

The accuracy of data portrayed on charts produced mechanically by plotters
on such systems as the Lineal Input System, presents another problem as the
material out of which the charts are made is much more resistant to distortion.

These problems will be discussed momentarily in Section 4.3 of this document.
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4.2.1.2 Data Entry of Analog Source Materials

Data is cutered by the user within the digitization subsystem of BDRS.
When graphical feature data is entered with a cursor, the data is accepted as
is by the system; that is, there is no e¢rror term employed by the software to
smooth out the errors which occur in data entry itself. 1In a linear model,
the typical assumption of statisticians is that s ch error can be modeled by
a probability distribution with a zero expectation and a variance characteris-
tic of the particular user. Whether the inclusion of such an error term would

be fruitful within BDRS itself has not been analyzed empirically.

A natural question to ask is how to check whether the data entered by the
user is representative of the data supplied on the chart. The proof plot pro-
vides the check required. If the proof plot is a perfect overlay of the
original source chart as it is taped on the table when digitized, then each
digitized point is within an epsilon of its correct position. That is, de-
pending upon the resolution of the data when digitized (from 1 mil to 10 mils),
and accuracy of the plotting device. It may appear (to the human eye) that
two chart points overlap each other, but in reality may actually be a few

mils apart.

The accuracy of the sounding data entered by the user can be checked by
the user as he enters the sounding value. This value is displayed on the
Tektronix 4010 display. If the user is employing the Threshold 500 Voice uiit,

his entry is further displayed on the Threshold display unit.

4.2.2 Accuracy of Processed Data

4.2.2.1 Registration

The algorithm of registration is thoroughly discussed in Section 2.2.2
of this document. In this section several corollaries pertaining to the pro-
blem of accuracy will be deduced from the mathematical properties of the
algorithm,

It was noted in Section 2.2.4 of this document that registration points
should be picked judiciously; that it, representative of the chart as a whole
and not in any obvious geometrical pattern. The reason for this latter con-

dition finds its justification in the mathematical fact that an earth scale

4=2




Weler tos Langde oot trary vortaoens can rtonulbt e o digrtiac g rectaregle
wWllh acooptabrle e srduagley, For oxamp-be, 1norogiatotaog o YUMo chiart, 1t thie
vertives o gt tangle arte uncd tor contiol pornta ared the usel enters the
wtong notthimgs amd cantings tor the pornty, then 1t L 1nvorroot entries
also constitute the vertioe:s of a tectanyle, the geyistration algorithm will
produce o mapping which han acceptable resaiduats, Other obvious quometric

shapes have this same characteristioe.

A sceond property of the algurithm, which 1y actually guite unfortundte,
15 that 4 seriously Jdistoitued chart may be registered with acceptable residuals.
Thus, it 1s the users responsibility to ensure that he 1s not allowing poor
data into the BDRS system. There is a check which can be employed for this

case, It is discussed in Section 4.2.£.2 of this document.

A final corvllary of this algorithm is that the proper registration of
a good source chart generates an extiemely accurate mapping from the coordinate
frame of the tuable to the earth rectangular frame in day 1 registration. The
simplicity of the algorithm conjoined with the part.tioning of symmetric

matrices to find i1nverses results in a very acourate mapping.

4.2.2.2 Courdinate Transformations

when geographic coordinates are mapped to the earth scale meter frame and
then back to the yeoygraphic frame, the resultant geographic coordinates are
within a second of arc of the original geographic coordinates. The casc of
iterating this procedure to check for ai. accumulation of harmful error has

not been checked riygorously.

Since the coordinate transformations and the registration transformation
are so accurate, the following sequence constitutes an excellent test of whether

the source analog chart is distorted badly.

(1) Register the chart and build a table file.

(2) Convert table file to geographic file.

(3) Convert geographic file to table file.
(4) Plot table file.




4.3 Problem of vValidation

demanded.

cision Gnomic projection chart is required.

the polygon map to straight lines on such a chart.

cision for which a test is to be made.

The equations have been checked and validated within BDRS.

be utilized which represent data to the degree of accuracy being tested.

trary points for inclusion within the defined chart polygonal region.

paring their output with the known output of geographic points either

identical to or different from the registration points.

those employed in LIS itself. Whether this is desirable or not has not

been rigorously analyzed within the BDRS research.

to table projections for the Mercator and Transverse Mercator mappings.

Whether such

Conformal projections is not at present known.

4-4

good condition. Otherwise, the accuracy of the chart is seriously suspect.

In order to evaluate the accuracy of the map projections, charts must

test. Charts of such high caliber will also be provided for each mapping

To evaluate the accuracy of the polygon search algorithm, a high pre~
The great circle vertices of
Thus, one may construct

with precision arbitrary earth polygaonal regions on the chart and test arbi-

If the accuracy of the map projections is precisely known, the accuracy

of the functions constructed in registration can be tested by simply com-

The overall problem of all of these validation procedures is that they
demand charts which are 'known' to be accurate within the degree of pre-
If the charts are machine produced

from the Lineal Input System (LIS), then the projections must conform to

The procedure to this point has been to implement the LIS geographic

a procedure will be effective for dealing with the Polyconic and Lambert

If the plot overlays cleanly with the source data, then the chart is in

The Hydrographic Center has provided such a chart for the Mercator projection




SECTION V

SYSTEM CONFIGURATION

5.1 Purpose

The purpose of this section is three-fold. First, to provide a
detailed descyiption of the hardware configuration employed in Phase
I of the BDRS. Secondly, to identify and discuss key technical arcas
which pertain to the development of the BDRS functional capabilities.

Thirdly, to present conclusions and recommendations pertaining to the
BDRS.

5.2 Hardware Configuration

Figure No. 5-1 illustrates the BOC hardware configuration which

consists of the following:

o Data General ECLIPSE C300 Processor - 128K core memory
o Data General Magnetic Tape Units, 9 Track (2)

o bData General 6012 CRT

o Centronics Line Printer

o Data General, 92MB Disk Drive, dual portable

o Data Automation Digitizing Tables (2)

o Tektronix Graphic Terminal, 4010, (2)
Station One (Figure No. 5-2)

42" X 60" active Area Data Automation (X/Y Digitizer Table)
Standard Cursor (five push buttons)
Tektronix 4010 CRT

©c 0 ¢ ¢

16 Key Keyboard
Station Two (Figure No. 5-3)

o 42" X 60" active area Data Automation (X/Y Digitizer Table)

o Special cursor (LED display/five push buttons)

o Tektronix 4010 CRT

o Threshold Technology, Inc., - Madel 500 voice data entiy terminal
o 16 Key Keyboard

|
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5.3 BDRS Software Configuration

5.3.1 Key Arcas

The key areas which pertain to the utilization of vendor supplied

system software (MRDOS/INFOS) within the BDRS are as follows:

o Multitasking - A multiple task environment is one in which logically

distinct tasks compete simultaneously for the use of

system resources.

o Overlays - Overlaying is a technique used for loading routines

into main memory from some type of mass storage during

the execution of a program.

o User Device - User devices are any device that is not part of Data

General's equipment identification during a system
generation (SYSGEN). These devices are identified

to the system at run time via operating system

subprogram calls. (Reference Data General Application

Note: "User Device Driver Implementation In The Real

Time Disk Operating System", 017000002-03).

5.3.1.1 Multitasking

The BDRS subsystem software utilizes the multitasking capability pro-

vided by Data General's Mapped Real Time Disc Operating System (MRDOS/INFOS).

The dQigitization software consists of three (3) tasks which can run in the
foreground of the C300 Data General processor. The first task functions

merely to wake up the two remaining tasks; table 1 and table 2. Thus, two
digitizing tables can be operated concurrently in one ground of the system.

In the remaining ground, either Data Base or Batch can be executed.

5.3.1.2 Overlays

The table 1 and table 2 software modules are very similar. The exe-
cution of each is divided into overlays. Each task has one overlay segment

assigned to it. A detailed examination of the actual overlay structure by

R e
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overlay name and routine name is depicted in Volume I Bathymetric Data

Reduction Subsystem Software bDocumentation BOC Phase, Section 3.2.2.

Each of the threce (3) data base related processing modes (On-Line, Batch
and Master) utilize the overlaying technique in performing their respective
processes. Consistent throughout the above mentioned processes is the fact
that each processing function is defined as an overlay and is loaded into
core only as the result of a user selecting the particular function. The
implementation of such a philosophy was made simple by the fact that the
three processing modes were developed in a modular fashion, thus allowing

for straight forward overlay identification and structuring.

5.3.1.3 User Pevice Implementation

The digitizing tables, voice recognition unit, and each Tektronix
4010 CRT associated with a table are introduced to the system software in
the same way. The method of introduction is described in detail in Data
General's User Manual entitled "User Device Implementation"”. It suffices
here to say that each device is assigned a number and the interrupt service

routine address for each device is stored in a system vector table.

When an interrupt occurs in a multitasking environment, the multi-
tasking activity is suspended. When the interrupt has been serviced, it is
the responsibility of the interrupt service routine to reawaken the environ-
ment. This is accomplished by sending the appropriate message to the task
interrupted which has issued a receive message request prior to the interrupt.
The system then activates this task and the multitasking environment is

rescheduled.

5.3.2 Conclusions and Recommendations

Utilizing the INFOS/MRDOS operating system (normally called INFOS) both
foreground and background processing may be operated concurrently. As
stated in paragraph 5.3.1.1, two digitizing tables can be operated in one
ground, namely the foreground and either the Data Base or Batch functions

can be operated in the background. The operating system (INFOS), digitizing

5«6
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functions and data base functions, are highly overlayed processes, that is,
they rely on disk rvesident overlays for loading functional subprograms
related to their specific functions. This, coupled with the facts that

the digitizing processes is a time critical activity, requiring system
resources on "“demand" (i.e., CPU) while data collection is taking place,
and the BDRS data base INFOS files are large randomly organiged disk files
which need be accessed an indeterminate number of times depending on the
complexity of the user requests for data; supports Synectic's beliets that
the disk is over burdened due to the frequency and location of disk access

which caused excess head movement otherwise known as thrashing.

To alleviate the above mentioned problems, two possible solutions
are recommended. The first solution would be to dedicate a disk (pre-
ferably a quick fixed head disk) to be used exclusively for storage/
retrieval of the following data: MRDOS/INFOS overlays, BDRS subsystom's
overlays, intermediate working files and any nan-data base related disk
activities. The sccond possible solution would be to dedicate a processor
exclusively for the data base functiona sharing a master disk for infrae-

quent bulk data exchange between the two processors.

It should also be pointed out that in the production enviroument, the
present line printer output capability may be inadequate. The Centronics
Line Printer Model 101, currently part of the BDRS hardware configuration,
outputs 165 characters per second (cps). When volume hardcopy reports are
necessary, the line printer and disk line printer spooler are tied wp for
long periods of time. When this occurs, no other function may use the
printer or spooler for producing any hardcopy output. With this fact,
serious consideration should be given to acquiring a faster line printer

for the production environment.
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MISSION
of
Rome Avr Development Center

RADC plans and executes research, development, test and
delected acquisition programs in support of Command, Control
Communications and Intelligence (C31) activities. Technical
and engineering support within areas of technical competence
48 provdded to ESD Program Offices (POs} and othen ESD
elements. The principal nical mission areas are
communications, electromagnetic guidance and contrnol, sur-
veillance of ground and aerospace objects, Antelligence data
collection and handlirg, information system Lechnology,
Lonospheric propagation, solid state sciences, microwave
physics and electronic neliability, maintadinability and
compatibility.
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